131968 




DUAL COIL INDUCTION HEATING SYSTEM 
FIELD OF THE INVENTION 

[001] The present invention is generally related to cooking appliances, and, 
more particularly, to a dual coil induction-cooking system for heating 
electrically conductive cooking vessels. 



BACKGROUND OF THE INVENTION 

[002] Induction cooking systems work according to the principle of 
electromagnetic induction by inducing a current into the base of an electrically 
conductive cooking vessel, such as a pan, pot, or skillet. The current induced 
in the base of the cooking vessel causes the cooking vessel to heat up as the 
cooking vessel exhibits resistance to the induced current, thereby cooking 
food placed in the cooking vessel or heating water in the cooking vessel. The 
current is typically induced by a coil placed beneath the cooking vessel. An 
alternating current (AC), such as an AC current operating at, but not limited to, 
a frequency of 20 kilohertz or greater, for example, produced by an inverter, is 
supplied to the coil. Accordingly, a magnetic field is generated by the AC 
current in the coil. The generated magnetic field induces a current that flows 
in the base of the cooking vessel. In the past, induction cooking systems 
have been limited to the use of ferrous metal cooking vessels, such as iron or 
ferrous stainless steel cookers, due to the high current and/or high 
frequencies required to produce a sufficient heating effect in non-ferrous 
cooking vessels. For example, non-ferrous cooking vessels, such as 
aluminum or copper cooking vessels, typically require comparatively higher 
currents compared to ferrous metal based cooking vessels. Dual coil 
arrangements, including one coil for ferrous cookers, and one coil for non- 
ferrous cookers, have been proposed, but systems employing these dual coil 
arrangements are believed to be inefficient, unreliable, complex to 
manufacture, and expensive. 
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SUMMARY OF THE INVENTION 

[003] A dual coil induction cooking system is presented that includes a first 
resonant circuit for inducing a current in a ferrous metal cooking vessel at a 
first frequency. The system also includes a second resonant circuit, 
connected in a parallel combination with the first resonant circuit, for inducing 
a current in a non-ferrous metal cooking vessel at a second frequency. The 
system further includes a frequency source for powering the parallel 
combination, without changing a wiring arrangement to the parallel 
combination, so that both the first and the second resonant circuits are 
coupled to supply power through the parallel combination to a respective 
cooking vessel. 

[004] A method is provided for coupling power to a conductive load in an 
induction cooking system. The induction cooking system includes two 
cooking coil resonant circuits powered by a variable frequency power source. 
The method allows sweeping at least one of the resonant circuits with a 
variable frequency power. The method also allows detecting a resonant 
frequency response corresponding to the interaction between the load and at 
least one of the resonant circuits. The method further allows powering at 
least one of the resonant circuits at a frequency corresponding to the detected 
resonant frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[005] FIG. 1 is an exemplary diagram of a dual coil induction cooking 
system for electrically conductive cooking vessels. 

[006] FIG. 2 is an exemplary equivalent lumped element magnetic circuit 
model of the dual coil induction cooking system of FIG. 1 . 

[007] FIG. 3 is a graph of an exemplary parallel combination impedance 
versus frequency response for an aluminum cooking vessel using the dual coil 
induction cooking system of FIG. 1 . 
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[008] FIG. 4 is a graph of an exemplary parallel combination impedance 
versus frequency response for an iron cooking vessel using the dual coil 
induction cooking system of FIG. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

[009] FIG. 1 is an exemplary diagram 10 of a dual coil induction cooking 
system for electrically conductive cooking vessels, such as cooking vessels 
including ferrous metal conductors, non-ferrous metals conductors, or a 
combination of ferrous and nonferrous metals conductors. Generally, the 
circuit 10 may include a non-ferrous metal resonant circuit 12, a ferrous metal 
resonant circuit 14, wired, for example, in a parallel combination 30 with the 
non-ferrous metal resonant circuit 12. The circuit 10 may also include a 
frequency source 16 for powering the parallel combination 30 of the non- 
ferrous metal resonant circuit 12 and the ferrous metal resonant circuit 14. 
The non-ferrous metal resonant circuit 12 may include a capacitor 20 and a 
non-ferrous metal cooking vessel coil 24, for example, wired in series. The 
ferrous metal resonant circuit 14 may include a ferrous metal cooking vessel 
coil 26 wired in series with a capacitor 22. An additional inductor 28, external 
to the coil 26, and wired in series with the capacitor 22 and the ferrous 
cooking coil 26, may be used to match resonant impedance differences (for 
example, at the respective resonant frequency of operation) between the non- 
ferrous metal resonant circuit 12 and the ferrous metal resonant circuit 14. In 
an aspect of the invention, the additional inductor 28 may be wired in series 
with the capacitor 20 and the ferrous cooking coil 24. A core 52 may be 
provided proximate the coils 24, 26 to shield the other electronics and 
exposed metal parts of the cooking appliance from the parallel combination 30 
and to increase the magnetizing inductance of the coils 24, 26, thereby 
reducing an excitation current required to operate the parallel combination 30. 
In yet another aspect, the cooking vessel 18 may be physically separated 
from the coils 24, 26 by an insulating space 48 which may be filled with a non- 
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conductive material, for example, a glass-ceramic plate or air. In a further 
aspect, an additional space 50 may be provided between the coils 24, 26. 

[010] FIG. 2 is an exemplary equivalent lumped element magnetic circuit 
model of the dual coil induction cooking system of FIG. 1. Coil 24 includes a 
coil resistance 54 representing losses in coil 24, a spacing inductance 56 
representing an impedance corresponding to the space 48 between the 
cooking vessel 18 and the coil 24, a magnetizing inductance 58 representing 
the inductance of the coil 24, and a non-ferrous metal cooking vessel primary 
turn portion 60. Coil 26 includes a coil resistance 62 representing losses in 
coil 26, a spacing inductance 64 representing an impedance corresponding to 
a total distance of the spaces 48, 50 between the cooking vessel 18 and the 
coil 26, a magnetizing inductance 66 representing the inductance of the coil 
24, and a non-ferrous metal cooking vessel primary turn portion 68. Together, 
primary turn portions 60, 68 form a primary side of a transformer 74 
representing the coupling mechanism of the induction cooking system. The 
cooking vessel 18 includes a load resistance 72, representing the cooking 
vessel dissipation, and a secondary turn portion 70 of the transformer 74. For 
example, the secondary turn portion 70 may include one turn. 

[011] In an aspect of the invention, the design of each of the coils 24, 26, 
such as the number of turns in the coil 24, 26 and the choice of capacitors 20, 
22, or other components in each of the resonant circuits, such as inductor 28, 
are selected to ensure that each resonant circuit 12, 14 has a different 
resonant frequency. Accordingly, depending on the frequency of the voltage 
applied to the parallel combination 30, one of the resonant circuits 12, 14, 
tuned to the frequency of the voltage applied, will be relatively more active 
than the other resonant circuit 14, 12, tuned to a different frequency, for 
heating a cooking vessel 18, such as a pot, pan, skillet or any electrically 
conductive cooking device adapted for use on a stove top. For example, if a 
ferrous metal type cooking vessel 18 is placed above the coils 24, 26, the 
frequency source 16 provides an alternating voltage to the parallel 
combination 30 at the same frequency as the resonant frequency of the 
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ferrous metal resonant circuit 14 to excite the circuit 14. The resonant 
frequencies of each of the resonant circuits 12, 14 may be selected based on 
optimal induction performance for each of the types of metal of the cooking 
vessels 18, and the difference between the resonant frequencies may be 
selected to ensure that one of the resonant circuits 12, 14 is excited 
depending on the type of cooking vessel 18 placed above the parallel 
combination 30 of resonant circuits 14, 12. 

[012] In the past, dual coil induction cooking systems have been used to 
accommodate non-ferrous and ferrous metal cooking vessels. In such 
systems, the coils are typically switched in or out of an energizing circuit, for 
example, by means of a relay, depending on the metal type of cooking vessel 
being used. However, these designs have suffered from the unreliable nature 
of the switching mechanism, the high current necessary to drive the coils, and 
the heating of the switch contacts due to the relatively high frequency of the 
current required to drive the coils. The inventors of the present invention have 
advantageously recognized that by tuning the ferrous metal series resonant 
circuit 14 to resonate at one frequency, and by tuning the non-ferrous metal 
series resonant circuit 12 to resonate at a different frequency, the operating 
frequency of the frequency source 16 can be changed to accommodate 
ferrous and non-ferrous cookers 18, without requiring any electro-mechanical 
switching of voltage applied to the coils 24, 26. By innovatively using the low 
impedance characteristics of the resonant circuits 12, 14 at their respective 
resonant frequencies, and by matching those resonant frequencies to 
respective loads presented by ferrous and non-ferrous metal cooking vessels 
18, power can be efficiently transferred to the load from the appropriate 
resonant circuit 12, 14 selected by the frequency of voltage applied to the 
parallel combination 30 of the resonant circuits 12, 14. 

[013] For example, one of the resonant circuits 14 may be configured to 
operate with high permeability cooking vessels 18 of relatively low electrical 
conductivity, such as ferrous cooking vessels including cast iron. The other 
resonant circuit 12 may be optimized for low permeability, high conductivity 
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metals such as aluminum or copper. The resonant circuits 12,14 may be 
configured so that one of the circuits 12, 14 dominates behavior of the parallel 
combination 30 when operated at a corresponding resonating frequency 
selected for coupling energy to a matched cooking vessel 18. Furthermore, 
for electrical loads having both ferrous and non ferrous properties, such as 
medium permeability metals with moderate conductivity or laminated 
combinations of ferrous and non-ferrous metals, power may be efficiently 
coupled by using both circuits by operating at an intermediate frequency. 
Advantageously, unlike previous dual coil designs, no switching device 
between the coils 12, 14 is required when changing from one type of cooking 
vessel metal 18 to another. A single inverter 32 may be used to drive both 
types of loads at comparable voltages, and the frequency of operation of the 
power source 16 may be changed to power different types of electrically 
conductive cooking vessels 18. 

[014] In an aspect of the invention, the non-ferrous metal cooking vessel 
coil 24 may be placed above the ferrous metal cooking vessel coil 26, and the 
cooking vessel 18 may be placed above the non-ferrous metal cooking vessel 
coil 24. For example, the circuit 10 may be incorporated into a stove, wherein 
the coils 24, 26 are positioned in the stove top to allow placing the cooking 
vessel 18 over the coils 24,26. The resonant circuits 12, 14 may be wired in 
parallel with the power source 16. In another aspect, the coils 24, 26 may be 
wound to occupy the same volume, for example, by interleaved or multi-filar 
winding. It should be understood that a skilled artisan may modify the above 
described arrangements using different circuits and circuit devices without 
departing from the scope of the present invention. 

[015] The power source 16 may include an inverter 32 for converting a 
direct current source into an alternating current at a desired frequency. In an 
aspect of the invention, the inverter may operate at a voltage level of 
approximately 80 volts. The power source 16 may further include a detector 
34 for monitoring the power provided by the source, such as by measuring the 
current or voltage supplied to the parallel combination 30. By monitoring the 
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power, the detector 34 can recognize when the parallel combination 30 is 
operating at a resonant frequency, such as by detecting an increase in current 
drawn from the inverter 32 when one of the resonant circuits 12, 14 is coupled 
to a load. The detector 34 may further include a feedback signal 36 to the 
inverter 32 to allow the inverter 32 to select an operating frequency based on 
a current measurement from the detector 34. The power source 16 may 
further include a frequency varying circuit 38, using for example, a voltage 
controlled oscillator, to variably control the operation frequency of the inverter 
32. In another form, the inverter 32 may be operated at two frequencies, such 
as 20 kilohertz and 95 kilohertz. 

[016] FIG. 3 is a graph of exemplary parallel combination impedance versus 
frequency response for an aluminum (non-ferrous) cooking vessel using the 
dual coil induction cooking system of FIG. 1. The inventors have determined 
that a frequency of 20 kilohertz may be suited for heating ferrous metal 
cooking vessels, and a frequency of 95 kilohertz may be suited for heating 
non-ferrous metal cooking vessels. The impedance response curve 40 for the 
ferrous metal resonant circuit exhibits a low impedance point at a resonant 
frequency of 20 kilohertz, while the impedance response curve 42 for the non- 
ferrous metal resonant circuit exhibits a low impedance point at a resonant 
frequency of 95 kilohertz. Accordingly, one efficient operating frequency (e.g., 
a point of reduced impedance, such as 0.4 ohms) for an aluminum cooking 
vessel may be 95 kilohertz. In contrast, the impedance response curve for 
the ferrous metal resonant circuit 40 is relatively lower (e.g., about 12 milli- 
ohms) at 20 kilohertz compared to the impedance of the non-ferrous metal 
resonant circuit 12. As a result, the non-ferrous metal resonant circuit 12 can 
couple power to the aluminum cooker more efficiently than the ferrous metal 
resonant circuit 14 at 95 kilohertz. 

[017] FIG. 4 is a graph of exemplary parallel combination impedance versus 
frequency response for an iron (ferrous) cooking vessel using the dual coil 
induction cooking system of FIG. 1. The impedance response curve 44 for 
the ferrous metal resonant circuit exhibits a low impedance point at a resonant 
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frequency of 20 kilohertz, while the impedance response curve 46 for the non- 
ferrous metal resonant circuit exhibits a low impedance point at a resonant 
frequency of 95 kilohertz. Accordingly, one efficient operating frequency (e.g., 
a point of reduced impedance, such as 0.3 ohms) for an iron cooking vessel 
may be 20 kilohertz. In contrast, the impedance response curve 46 for the 
non-ferrous metal resonant circuit is relatively greater (e.g., about 100 ohms) 
at 95 kilohertz compared to the impedance of the ferrous metal resonant 
circuit 14. As a result, the ferrous metal resonant circuit 14 can couple power 
to the iron cooker more efficiently than the non-ferrous metal resonant circuit 
12 at 20 kilohertz. 

[018] The inventors have further realized that by measuring the impedance 
response of the parallel combination 30 of resonant circuits 12, 14, the type of 
cooking vessel 18 placed above to the cooking coils 24, 26 can be detected. 
For example, a method of detecting the presence and type of cooking vessel 
18 placed above the coils 24, 26 may include sweeping the parallel 
combination 30 of the resonant circuits 12, 14 with a variable frequency 
source, for example at a comparatively lower voltage level than used for 
cooking, and detecting impedance versus frequency response. For example, 
the parallel combination 30 may be frequency swept to detect a comparatively 
rapid increase in current in the parallel combination 30 corresponding to 
coupling between the load and at least one of the resonant circuits 12, 14. In 
an aspect of the invention, the parallel combination 30 may be frequency 
swept from a first sweeping frequency to a second sweeping frequency until a 
resonance condition, such as a current spike, is detected. In a form of the 
invention, the first sweeping frequency is greater than a second sweeping 
frequency. In another form, the first sweeping frequency is less than a 
second sweeping frequency. In another aspect of the invention, a threshold 
impedance value may be set to reject detected impedance values greater 
than, or less than, the threshold impedance. Once a resonant condition is 
detected, the induction cooker may be operated at the frequency that 
corresponds to the detected resonance condition. 
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[019] For example, with regard to FIG. 3, if an aluminum cooking vessel 18 
is placed above the coils 24, 26 and the power source 16 sweeps from the 
first sweeping frequency, the circuit 10 will detect a resonance condition at 95 
Kilohertz, indicating that an aluminum cooking vessel 18 has been placed 
above the coils 24, 26 and that the induction cooking system should be 
operated at 95 kilohertz for optimum coupling of power to the aluminum 
cooking vessel 18. In another aspect, with regard to FIG. 4, if an iron cooking 
vessel 18 is placed above the coils 24, 26 and the power source 16 sweeps 
from the first sweeping frequency, the circuit 10 will detect a resonant 
condition at 20 kilohertz instead of 95 kilohertz, indicating an iron cooking 
vessel 18 has been placed adjacent to the coils 24, 26 and that the cooking 
system should be operated at 20 kilohertz for optimum coupling to the iron 
cooking vessel 18. 

[020] While the preferred embodiments of the present invention have been 
shown and described herein, it will be obvious that such embodiments are 
provided by way of example only. Numerous variations, changes and 
substitutions will occur to those of skill in the art without departing from the 
invention herein. In particular, it should be appreciated by one skilled in the 
art that the invention could be used for induction heating of any metallic load, 
such as in industrial applications requiring heating of various types of metals 
or metallic alloys having different conductive properties. For example, the 
invention could be used in metallurgical applications, such as smelting, 
forging, and tempering. Accordingly, it is intended that the invention be 
limited only by the spirit and scope of the appended claims. 



